Bayliss 1 attaches considerable importance to the combination of enzyme and substrate and considers it an essential point in the theory of eiazyme action. Van Slyke and Cullen ~ were able to formulate the kinetics of enzyme action on the basis of the law of mass action by assuming the existence of a compound between enzyme and substrate.
The study of this combination, however, has not furnished any quantitative ,experimental data as to the nature of the reaction or the influence of various factors on it--due largely to the difficulty of determining quantitatively the amount of enzyme.
It seemed important, therefore, to obtain quantitative experimental data on this subject. In order to do this it was necessary to have a convenient and accurate method for the determination of pepsin. It was found that the change in the conductivity during the digestion of egg albumin by pepsin afforded such a method. Sj6qvisU found that there were marked changes in the conductivity during pepsin digestion. His results were confirmed with the exception that the change was found not to follow the actual rate of digestion. It can be used therefore only as an empirical method for the determination of pepsin and not for the study of the kinetics of the reaction, as was done by Sj~iqvist. The reason for this divergence is probably due to the fact that the change in conductivity is due to two causes; (1) the liberation of free acid (carboxyl) groups which increase the conductivity, and (2) the liberation of free amino groups which bind some of the free acid and so decrease the conductivity. This explanation is borne out by the following facts.
With dilute solutions of egg albumin containing strong acetic acid (pI-I 2.3) there is a regular small increase in the conductivity which nearly parallels the increase in free amino groups as followed by the increase in amino nitrogen. This is due to the fact that, owing to the very large excess of free undissociated acid present, the ions which are removed from solution by combination with the free amino groups are replaced by the dissociation of more acid, and so kept nearly constant. The slight increase in conductivity is therefore due to the liberation of free carboxyl groups. In strong acid solu-6 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914 , xix, 141. 7 Sji~qvist, J., Skandin. Arch. Physiol., 1893 tions, however, as hydrochloric, there is a rapid decrease in the conductivity--due to the removal of acid ions by combination with the liberated amino groups. This change is so much larger than the increase due to the acid groups set free by the protein that the increase in conductivity due to the latter is more than compensated. It has already been shown 8 that the actual rate of digestion is approximately the same in all acids at the same reaction so that the differences in the changes in the conductivity cannot be ascribed to differences in the rate of digestion.
It was found that the maximum change occurs in strong solutions of egg albumin titrated to p H 2.6 with hydrochloric acid. This solution was therefore used. The conductivity was followed by means of the apparatus described by Taylor and Acree2 The electrodes were of the dipping type and were immersed in the solution in order to make a reading. It was found that the percentage change in conductivity was constant for a given quantity of pepsin, irrespective of the absolute value of the original conductivity. The readings and figures are therefore given in terms of the increase in the scale readings on the bridge, which for small readings are equivalent to the percentage change. The measurements were carried out as follows.
25 cc. of a 3 per cent egg albumin solution were pipetted into a series of large "Non-sol" test-tubes and suspended in a water bath at 37 ° ~-0.02 °. The electrodes were immersed in the solution and 1 cc. of the pepsin solution was added. The external resistance was then set so as to give a bridge reading of 500; i.e., the middle of the bridge. The change in conductivity was now followed by the bridge readings. These figures are related to the actual change in resistance X A of the solution by means of the formula R -1,000 -A where X = resistance of the solution, R is the external resistance, and A is the bridge reading.
The figures given in Table I are the increase in the value of A and are very nearly proportional to the percentage increase in the resistance. 8 Northrop, J. H., J. Gen. Physiol., 1918 -19, i, 607. 9 Taylor, W. A., and Acree, S. F., J. Am. Chem. Sac., 1916 , xxxviii, 2396 R e a d i n g s were taken at intervals so as to give points corresponding to changes of 2 to 4 units of the bridge reading (which could be easily read to 0.25 units). These points were then p l o t t e d on a large scale b y m e a n s of a flexible "spline" and weights, so t h a t the curves were 30 to 50 cm. long. T h e time necessary to cause a given change was then interpolated f r o m these curves. I n this w a y errors in individual readings were s m o o t h e d o u t and, as the curves are regular, accurate values for the time necessary to cause a given change could be ob-tained. Since there is always some uncertainty about the zero reading the interval from 0 to 5 was omitted and the time to cause a change of from 5 to 10 and from 10 to 15 units was taken. The values obtained in this way were then averaged and the result taken as proportional to the reciprocal of the amount of pepsin present. By comparing this figure with the corresponding one from a control containing a standard amount of pepsin, the relative quantity of pepsin present could be determined, since it was found that the time necessary to cause any given change was inversely proportional to the amount of pepsin present. That is, double the quantity of pepsin requires hal~ the time, etc. (Arrhenius' "QT" rule). 1° Table I and Fig. 1 give the results with a series of solutions containing different amounts of pepsin. It will be seen that the amount of pepsin can be determined with an accuracy of -~ 2 to 3 per cent, lo Arrenhins, S., Quantitative laws in biological chemistry, London, 1915. and further that ten to fifteen determinations can be made in the course of 1 to 2 hours depending on the amount of pepsin present.
I t was now possible to determine quantitatively the amount of pepsin removed from solution by various substances. Table I I shows the results of such a series with coagulated and dried egg albumin. T h e control experiments show that the decrease in the amount of pepsin is not due to the destruction of the pepsin on standing or to the retarding effect of the products of reaction. Table I l L I t is obvious that the removal of the pepsin is not purely a m a t t e r of surface but that it is dependent in some way on the substance itself, u This fact is brought out more strongly in the experiments summarized in Table IV and Fig. 2 , where coagulated egg albumin of different sized particles was used. I t is evident that the equilibrium it The author does not doubt the existence of adsorption or concentration in the surface layer in the sense of Willard Gibbs. This phenomenon, however, is evidently of subordinate importance here. r e a c h e d is i n d e p e n d e n t of t h e size of t h e p a r t i c l e s a n d t h e r e f o r e of t h e i r surface. T h e s e e x p e r i m e n t s w e r e r e p e a t e d u n d e r s l i g h t l y diff e r e n t c o n d i t i o n s s e v e r a l t i m e s --a l w a y s w i t h t h e s a m e r e s u l t . T h i s w o u l d i n d i c a t e t h a t t h e p r o c e s s is e i t h e r o n e of s o l u t i o n , i n w h i c h case the law of partition coefficients should be found to hold, or of chemical combination, in which case the law of mass action should apply. Preliminary experiments indicate that the process follows the law of partition coefficients. It may be objected that the effective surface is not the actual surface of the particles but some fine interior structure which is the same in all. The particles, however, swell in acid and appear translucent and homogeneous. It would seem that any interior surfaces must be of nearly intermolecular dimensions. In this case, of course, all chemical phenomena may be considered "surface" phenomena. 
II. The Effect of the Hydrogen Ion Concentration.
Inasmuch as the activity of pepsin is dependent to a large extent on the hydrogen ion concentration it appeared probable that the combination of pepsin with its substrate would be a function of the same variable. Table V and Fig. 3 show the results of a series of experiments made at different hydrogen ion concentrations. There is a decided optimum for the combination of pepsin with its substrate corresponding (within the limits of error) to the optimum for digestion. These experiments were repeated with casein with approximately the same results. The optimum zone for the digestion of proteins by pepsin therefore is due to the fact that at this degree of acidity more pepsin combines with the protein than in either a more or less acid solution. Van Slyke and Zacharias, 12 from a study of the constants of their equation for the action of urease, decided that the hydrogen ion concentration affected the rate of combination of the TAB L~. V.
Effect of Reaction of Solution on CombCmation of Pepsin and Coagulated Egg Albumin.
Experiment A. Temperature 25°C. 0.5 gin. of egg albumin suspended in 10 cc. of tIC1 of increasing strength. 1.0 cc. of strong pepsin solution added. Tube shaken, allowed to stand 1 rain., and clear liquid pipetted off. pit measured (by gas chain) in part of this sample. 5.0 cc. of remainder brought to same reaction in all tubes by addition of a few drops of strong tIC1. All brought to same volume with water and pepsin estimated in 1 cc. enzyme and suhstrate. In the case of pepsin, however, it is not the rate of combination but the amount which is influenced. This is shown by the fact that little or no pepsin is removed from its solution by its suhstrate at a reaction of S.0, no matter how long they are.
13 Van Slyke, D. D., and Zacharias, G., J. Biol. Chem., 1914, xix, 181. left in contact. It seems probable that this is due to a change in the condition of the protein rather than to a change in the enzyme, since, according to Ringer, 13 the optimum reaction is different for different proteins. The simplest explanation of the above facts would seem to be that the quantity of ionized protein present determines the amount of pepsin which combines with the protein, and hence also determines the rate of digestion. Some direct evidence confirming this hypothesis has been obtained and will be discussed fully later. 1. A quantitative method for the determination of pepsin is described depending on the change in conductivity of a digesting egg albumin solution.
2. The combination of pepsin with an insoluble substrate has been followed by this method.
3. The amount of pepsin removed from solution by a given weight of substrate is independent of the size of the particles of the substrate.
4. There is an optimum zone of hydrogen ion concentration for the combination of enzyme and substrate corresponding to the optimum for digestion.
5. It is suggested that the pepsin combines largely or entirely with the ionized protein.
ts Ringer, W. E., Kolloid-Z., 1916, xix, 253. 
